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Frontispiece 


"Hell's  Gate"    and  precipitous  bluffs   near  Possum  Kingdom  Dam 


Reconnaissance  Investigation  of  Sedimentation 
in  Possum  Kingdom  Lake 


Introduction 

Possum  Kingdom  Lake  has  been  officially  named  "Morris  Sheppard 
Lake"  and  is  listed  by  that  name  on  many  maps  and  records «  However 
it  was  first  called  "Possum  Kingdom,"  and  is  best  known  by  this  name., 
so  it  will 'be  referred  to  as  Possum  Kingdom  Lake  in  this  reports  It 
was  constructed  by  the  Brazos  River  Conservation  and  Reclamation  Dis- 
tricts an  agency  of  the  State  of  Texas  first  created  in  1929s  with 
the  permanent  organization  perfected  in  1935o     Plans  and  preliminary 
surveys  have  been  made  by  the  District  for  a  number  of  large  dams  on 
the  Brazos  River  and  its  major  tributaries 0     Possum  Kingdom  dam,  com- 
pleted in  July  1941 5  is  the  only  major  development  completed  by  the 
District  to  dateD    The  District  is  also  cooperating  with  cities  in 
the  western  part  of  the  watershed  in  the  construction  of  small  reser- 
voirs on  tributary  streams  and  several  of  these  small  lakes  have  been 
completedo 

Possum  Kingdom  Lake  is  a  multiple  purpose  reservoirQ    It  creates 
hydro-electric  povrer  by  means  of  a  power  plant  constructed  directly 
below  the  damQ     It  also  provides  some  flood  control  protection  for 
downstream  bottomland.,  and  water  for  irrigation  use  in  the  Gulf  Coastal 
Plains  area  is  released  from  it  when  the  normal  flow  of  the  Brazos 
River  is  insufficient  to  meet  irrigation  needs.    The  lake  is' used 
extensively  for  recreation  and  fishings 

A  reconnaissance  investigation  of  the  sediment  deposits  in  the 
lake  was  made  February  10  to  24a  1949  as  a  part  of  the  United  States 
Department  of  Agriculture  Flood  Control  Survey  of  the  Brazos  River 
Water she do    Additional  measurements  were  taken    in  the  upper  part  of 
the  lake  on  June  22 g  1949 .     The  survey  party  consisted  of  4  employees 
of  the  Soil  Conservation  Service  Regional  Office.,  Fort  Worthy  Texas, 
and  Mr0  Jack  Smith  of  the  Brazos  River  Conservation  a nd  Reclamation 
District.,  Mineral  Wells j,  Texas » 

Description  of  the  Dam  and  Reservoir 

Location ,     Possum  Kingdom  dam  extends  in  a  general  north-south 
direction  across  the  Brazos  River  in  Palo  Pinto  County s  Texas  at 
approximately  32°  52  s  I  latitude  and  98°  26'  W  longitude,,     It  is  about 
13  miles  southwest  from  Graford  and  20  miles  northwest  of  Mineral  Wells „ 
The  major  portion  of  the  lake  lies  in  Palo  Pinto  Countyn    A  large  arm 
of  the  lake  extends  west  into  Stephens  County  and  the  long  tortuous 
upper  end  of  the  lake  extends  northwesterly  into  Young  County  for  a 
distance  of  35  river  miles o 

Costs .    The  costs  of  the  Possum  Kingdom  dam  and  reservoir  projects, 
as  shown  in  the  Brazos  River  Conservation  and  Reclamation  District 
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records  are  as  follows? 


Land  and  land  rights  

Structures  and  improvements ....... 

Reservoir  dam  and  v;aterways . »  

Waterwheelsa  turbines  and  generators 
Accessory  electrical  equipment. . . , 
Miscellaneous  povrer  equipment. ... . 


$1,137,819 
476,326 
6S188,088 


668s990 
128,690 
54,793 


Total 


$8*  654,706 


Dam  and  Spillway^    The  dam  is  an  earth  fill  dike  with  concrete 
core  wall  on  the  south  and  a  reinforced  concrete  spillway  and  bulkhead, 
Ambursen  hollow  massive  buttress  typefl  on  the  northo     The  earth  fill 
section  is  1147  feet  longs  Zl  feet  wide  at  the  topa  with  a  maximum  base 
width  of  200  feet  at  its  north  end  where  it  joins  the  concrete  bulkhead 
section0    The  slopes  are  3;1  upstream  and  2 si  downstream.     The  concrete 
bulkhead  dam  and  spillway  section  is  1600  feet  in  length©    The  top  of 
the  dam  is  at  elevation  1024  feet  above  mean  sea  levels  the  river  bed 
elevation  is  855  feet5  and  spillway  (top  of  crest  gates  closed)  ele- 
vation is  1000  feeto    The  north  end  of  the  dam  ties  into  a  vertical 
rock  bluff  which  rises  200  feet  above  the  valley  floor 0    The  bulkhead 
portion  of  the  dam  is  reinforced  concrete  on  the  upstream  sidep  support- 
ed by  massive  tapering  reinforced  concrete  buttresses  on  the  downstream 
sideG    The  concrete  face  curves  upward  at  a  variable  pitch  with  an 
average  slope  of  about  8?10o    A  picture  of  the  spillway  and  north  end 
of  the  dam  is  shown  in  Figure  L 

The  spillway  section  extends  across  the  old  river  bed  area»  It 
has  a  total  effective  length  of  663  feet  and  a  maximum  capacity  of 
450s000  CofoSo    The  spillway  consists  of  9  crest  gates 9  modified  bear 
trap  typep  operated  independently  by  hydraulic  means©    Each  crest  gate 
is  73  feetg  8  inches  long  and  ,13  feet  highs,  with  reinforced  concrete 
piers  at  each  end0    Long  concrete  wing  walls  at  the  ends  of  the  spill~ 
way  section  protect  the  dam  and  power  housec    The  spillway  below  the 
metal  crest  gates  is  reinforced  concrete  on  the  upstream  and  downstream 
facesa  with  a  variable  curved  shape,,  and  an  average  slope  of  8sl0o  The 
spillway  is  hollow  on  the  inside,,  avith  concrete  piers  for  supporto  A 
catwalk  traverses  its  length  to  permit  inspection,  and  provide  access 
to  the  controls  of  a  high  pressure  outlet  gate  located  near  the  north 
end  of  the  spillway0-    This  outlet  is  54  inches  in  diameter  and  has  an 
electrically  operated  control  gatec     Its  center Line  elevation  is  877 
feet,,  and  the  capacity  is  1170  Cof0s0  at  123  feet  heado  Additional 
outlets  at  elevation  910  feet  are  provided  by  two  steel  penstocks  to 
the  powerhouse  c.    Each  penstock  is  12  feet  in  diameter  and  carries 
1335  CofoSo  under  full  plant  opera tion0 

The  powerhouse  is  a  modern  concrete  building  located  immediately 
downstream  from  the  reinforced  concrete  portion  of  the  dam  on  the  left 
(north)  bank  of  the  Brazos  River  (see  FigQ  2)0    Access  from  the  top  of 
the  bluff  at  the  north  end  of  the  dam  to  the  powerhouse  and  top  of  the 
dam  is  provided  by  an  automatic  elevator  system0    A  vehicular  service 
road  to  the  power  plant  has  also  been  providedo    The  power  plant  instal- 
lations include  two  single  runner  vertical  type  hydraulic  turbines  each 
developing  17s000  h0p0  at  17104  revolutions  per  minuteo     The  operating 


Figure    2.      Power   plant    and   concrete  buttresses    of  bulkhead    section,  Possum 
Kingdom  Dam. 
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head  of  the  turbines  is  124,5  feet  under  full  reservoir^,     There  are  two 
electrical  generators,  vertical  shaftp  unbrella  typefl  each  having  a 
rated  capacity  of  12^500  KVAo    A  third  generating  unit  of  similar  size 
can  be  installed  in  the  power  house  should  the  need  arise© 

The  lake  is  comparatively  narrow  for  most  of  its  lengthy  averaging 
about  2500  feet  wide  in  the  lower  portion©    It  is  65  river  miles  long 
but  only  35  miles  in  length  by  airline^  with  a  shoreline  length  of 
310  miles  (Fig„  6) „    It  is  confined  for  about  75  percent  of  its  length 
by  steep  hills  and  bluffs  rising  from  50  feet  to  150  feet  above  the 
water  (see  frontispiece),, 

The  main  body  of  the  lake  follows  a  winding  course s  and  has 
numerous  large  bends ,  some  of  them  doubling  back  until  they  nearly 
converge o     There  are  several  islands  in  the  lake,,  the  principal  ones 
being  CostellOi,  Carters,  and  Sand  Islands 0     The  principal  tributary 
arras  to  the  lake  are  formed  by  Caddo s  Cedar »  and  Rock  Creeks e 

Water  Level,     Original  plans  for  operation  of  the  lake  were  to 
maintain  the  water  level  as  near  to  spillway  elevation  as  inflow  and 
use  permitted*,    After  a  year  or  more  of  operation  in  this  manner  it  was 
decided  to  maintain  the  lake  several  feet  below  spillway  level  in  order 
to  give  more  flood  control  protection  to  downstream  areas s  and  this 
policy  is  being  followed  at  presents    The  average  lake  level  since  1945 
has  been  about  10  feet  below  spillway e    The  lowest  stage  of  the  lake 
since  storage  began  in  Llayfl  1941  occurred  in  January 5  1944<,  when  it  was 
22.4  feet  belo%v  spillway  <,    A  monthly  record  of  the  lake  stages  to 
February  1949p  prepared  by  the  Brazos  River  Conservation  and  Reclamation 
District^  is  shown  graphically  in  Figure  3,    This  graph  also  shows  the 
dates  when  water  was  released  through  the  spillway  gates »    The  maximum 
recorded  flow  through  the  spillway  in  any  one  day  was  78s000  acre-feet*, 
Complete  records  of  flow  through  the  spillway  and  the  power  penstocks 
are  available  at  the  office  of  the  Brazos  River  Conservation  and  Reclama- 
tion District^  Llineral  Wellss  Texas.    Maps  of  the  lake  and  detailed 
plans  of  the  dam,  spillway,  and  powerhouse  are  also  on  file  in  their 
office,, 

The  Drainage  Area 

Hydrologic  Information,     The  watershed  of  the  lake  lies  within  a 
sub-humid  region,,  the  average  annual  rainfall  in  the  contributing  area 
since  1900  being  about  24  inches „    The  rate  which  increases  rather  uni- 
formly from  west  to  easts  ranges  from  about  19  inches  annually  near  the 
Texas-New  Mexico  border  to  29  inches  at  the  dam0    Average  rainfall  since 
the  lake  has  been  in  operation  closely  approaches  the  long  time  average. 
In  1941  however^  the  year  the  dam  was  completed^  rainfall  was  20  inches 
over  normal „    As  a  result  the  lake  filled  in  ten  days  instead  of  in 
several  years  as  was  anticipatedo 

Water  flow  in  the  Brazos  River  at  South  Bendj,  just  above  Possum 
Kingdom  Lakes,  has  varied  from  a  high  of  2,402,000  acre-feet  for  the 
water  year  1940-41  to  171^400  acre-feet  for  the  water  year  1943-44, 
The  maximum  recorded  monthly  discharges  1,2389000  acre-feets  occurred 
in  May  1941  when  the  lake  first  filledo    This  amount  is  about  50  percent 
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greater  than  the  original  storage  capacity  of  the  lake0    The  average 
annual  flow  from  October  1940  to  September  1947  has  been  873 s 900  acre- 
feet  at  South  Bend*    An  additional  amount  of  water  flows  directly  into 
the  lake  from  tributaries ,  principally  Caddo g  Cedar5  Rock9  and  Salt 
Creeks  which  is  not  measured^  hence  the  total  flow  into  the  lake  is 
estimated  to  be  about  900^000  acre=feet  annually. 

Physiography  and  Geology „    The  Brazos  River  and  its  tributaries 
above  Possum  Kingdom  dam  drain  an  area  of  23s016  square  miles  (Fig„  4)9 
not  including  the  surface  area  of  the  lake,    About  8  .,950  square  miles 
(39  percent)  of  the  drainage  area  in  the  High  Plains  at  the  upper  end 
of  the  basins  however.,  contributes  only  insignificant  amounts  of  water 
or  sediment  to  downstream  localities,,    The  drainage  area  is  nearly 
250  miles  long  and  has  a  maximum  width  of  about  100  miles »    For  calcu- 
lations of  sediment  contribution  rates  in  this  report  the  figure 
14s066  square  miles  is  used  for  the  area  of  direct  drainage  contributing 
to  Possum  Kingdom  Lake0    Of  this  contributing  area,,  however,,  about  1111 
square  miles  lie  upstream  from  21  smaller  reservoirs,,    Table  1  shows  the 
known  reservoir ss  their  locations g  and  pertinent  information  on 
sedimentationo 

Great  variety  of  geology  and  physiography  characterizes  the  upper 
Brazos  River  Basin<>    Its  topographies  range  from  high0  flat,,  youthful 
uplands  to  rough  mountainous  areas 0    Parts  of  two  major  physiographic 
divisions 9  the  Great  Plains  and  the  Central  Lowland fl  are  represented  in 
the  drainage  area  of  Possum  Kingdom  Reservoir 0    In  general  the  belts  of 
outcrop  of  the  various  rock  formations  extend  transversely  across  the 
main  drainage  liness    Formations  ranging  in  age  from  Permsyl vanian  to 
Recent  are  represented  (see  Geologic-Physiographic  Map.,  Figo  5). 

The  High  Plains  Section  of  the  Great  Plains  Province  covers  all 
or  parts  of  13  counties  in  Texas~and  2  counties  in~New  Mexico 3  all  at 
the  upper  end  of  the  Brazos  River  drainage©    It  is  a  nearly  flat  upland 
plain  lying  at  elevations  ranging  from  4500  feet  above  sea  level  in  the 
western  part  to  approximately  3000  feet  east  of  Lubbocko    Local  relief 
rarely  exceeds  20  feet  within  one  mile  except  in  the  immediate  vicinity 
of  the  major  valleys  such  as  White  River  and  Double  Mountain  Fork9  The 
smooth  surface  of  the  plain  is  featured  by  hundreds  of  small 0  shallow 
lakes  which  have  more  or  less  water  at  various  times  depending  upon 
rainfall*,    Most  of  the  area  has  virtually  no  surface  drainage,,  hence 
much  rainfall  seeps  directly  into  underlying  formations  and  does  not 
contribute  to  stream  run-off 0 

The  High  Plains  were  formed  during  Pliocene  time  by  many  rela- 
tively large  streams  which  developed  a  great  alluvial  plain  eastward 
from  the  Rocky  Mountains s    This  deposit  is  called  the  Ogalalla  for- 
mation (see  Figo  5)„    It  consists  of  irregularly  stratified,,  chiefly 
unconsolidated  materials  ranging  from  clay  and  silt  to  coarse  gravel e 
Its  thickness  ranges  from  100  feet  or  less  to  500  feeto    In  places  it 
has  zones  of  very  strongly- cemently  sandstone  and  contains  lenticular 
deposits  of  loose  sands  and  gravels 0    Consequently  it  Boas  relatively 
high  porosity  and  permeability  and  forms  a  valuable  ground  water  pro- 
ducer,,   At  its  base  in  most  places  occurs  a  well  cemented  zone  which 
is  resistant  to  erosion  and  in  places  forms  a  part  of  the  familiarly 
known  "cap-rock"  of  the  area»    Its  eastern  fringe  forms  a  prominent 
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escarpment  which  is  deeply  eroded  by  the  major  streams  which  have 
formed  canyons s  peculiarly  shaped  erosional  remnants s  and  numerous 
outliers,, 

The  Edvra.rds  Plateau  Section  of  the  Great  Plains  is  represented  by 
outliers  and  rims  occurring  along  the  south  border  of  the  basin  from 
Nolan  County  to  Travis  County  in  the  lower  Brazos  River  area«     It  is 
composed  chiefly  of  resistant  limestone  formations  overlain  by  thin 
soilsj,  and  its  average  rates  of  erosion  and  sediment  output  are  low* 
The  main  plateaus  which  is  well  developed  in  the  Colorado  River  areaj, 
is  not  present  in  any  large  area  in  the  Brazos  River  drainage«>  One 
prominent  occurrence  is  an  outlier  extending  roughly  east  and  west 
through  Nolan a  Taylor  and  Callahan  counties^  and  is  commonly  called  the 
Callahan  Di video    It  is  a  series  of  large  flat-topped  mesas  underlain  by 
predominantly  limestone  formations  of  Lower  Cretaceous  Age  (see  Fig9  5)„ 

The  Redbeds  Plains  Section  of  the  Central  Lowland  Province  occupies 
about  45  percent  of  the  upper  Brazos  River  drainage  area0    It  occupies 
a  roughly  rectanglular  area  from  Crosby  and  Garza  counties  to  Throckmorton 
and  Shackelford  counties  in  the  easto    It  has  well-drained  rolling  topo- 
graphy in  which  stream  gradients  are  relatively  high0    The  bluffs  along 
Salt  Fork,  Double  Mountain  Fork  and  Clear  Fork  range  from  100  to  200  feet 
in  height  and  even  the  bedrock  of  the  valley  walls  is  subject  to  con- 
siderable lateral  erosion  by  the  main  streams,.     Two  systems  of  rock  for- 
mations underlie  the  area.    Along  the  west  margin  of  the  Redbeds  section 
in  Crosby,,  Garza,,  and  Dickens  counties  the  chief  country  rock  is  the 
Dockum  formation  of  Triassic  agee    The  remainder  of  the  section  is  under- 
lain by  Permian  formations »    Most  of  the  formations  are  dominantly  red- 
dish in  color  and  consist  chiefly  of  silts  and  sands  with  some  moderately 
cemented  sandstones  and  much  gypsum0     Limestones <?  although  subordinates 
are  locally  conspicuous©    The  land  surface  is  interruped  by  numerous 
outliers  of  younger  formations  such  as  the  Ogalalla  and  later  dune  sand 
and  some  mesas  of  Cretaceous  rocks c     In  general  the  Rgdbeds  Plains  are 
subject  to  serious  accelerated  erosion,,  especially  gully  developments  and 
they  are  poor  sources  of  ground  water,, 

The  Palo  Pinto  section  of  the  Central  Lowland  Province  extends 
southeasterly  across  the  drainage  area  in  a  belt  about  60  miles  wide 
from  Young  and  Jack  counties  to  Eastland  and  Callahan  counties  (see 
Figs  5) »    The  dam  and  reservoir  are  situated  entirely  within  the  Palo 
Pinto  section0    It  is  an  area  of  ridged  topography  with  relatively  high 
relief  and  many  scenic  features 0    The  bluffs  around  Possum  Kingdom  Reser- 
voir range  from  200  to  400  feet  in  height  (see  frontispiece) e    The  Brazos 
River  Valley  has  entrenched  meanders  through  much  of  this  section  resemb- 
ling some  Appalachian  Mountain  valleys0    Tributary  valleys  have  steep 
gradients s  and  their  courses  are  controlled  by  rock  structure « 

The  main  ridges  are  capped  by  resistant  sandstones  and  limestones, 
and  the  tributary  valleys  have  been  developed  in  shales 0     Rates  of 
erosion  are  relatively  lowa  with  local  exceptions  In  areas  of  softer 
sandstones  and  shales«    Three  series  of  rocks  of  Pennsylvaniaa age, 
Strawn9  Canyons  and  Ciscoj,  underlie  the  Palo  Pinto  Section,  and  some 
bituminous  coal  is  produced  from  the  lower  beds  in  local  mines „  This 
section  corresponds  roughly  to  the  Reddish  Prairies  of  the  soils  survey 
classification© 


11 


Land  Use0    Table  2  shows  the  proportionate  areas  of  the  water- 
shed devote  of  to  different  types  of  land  use  by  physiographic  subdivision,, 


Table  2  -  Land  Use  in  the  Drainage  Area  of  Possum  Kingdom  Lake 
by  Physiographic  Subdivisions 


Physiographic  i 
Section 

i 

l  4 

!  Area 

^                  %                 %  Pastured? 
Cultivated: Grassland sWoodl  and ;Mis cell aneous 

Sq«  mi0 

Percent 

Percent 

Percent 

Percent 

High  Plains 
Contributing 
Non-contributing 
Total 

!  496 
-  89950 
s  9^446 

•  87«0 

11.5 

!  1.5 

Edwards  Plateau 

627 

!  7.0 

91,5 

1.5 

Redbed  Plains 

'  8^522 

39o0 

'  59,0 

2e0 

Palo  Pinto 

1  49421 

25„0 

1  67.0 

'     7,0  j 

1.0 

Investigation  of  Sediment  Deposits 


Survey  Methods.,    Measurements  of  sediment  were  made  with  the  spud5 
Or  sediment  measuring  bar9  attached  to  a  rope*,    Water  depths  were  deter- 
mined at  each  sediment  measurement  by  means  of  a  bell-shaped  cast  alumi- 
num sounding  weight  fastened  to  a  marked  copper-cored  sounding  line0 
Survey  procedure  was  in  accordance  with  standard  reconnaissance  methods 
developed  by  the  Soil  Conservation  Service Thirty =three  approximate 
ranges  or  cross-sections  were  run  on  which  a  total  of  234  sediment  and 
water  measurements  were  made6    The  ends  of  the  ranges  were  identified  on 
a  shoreline  map  of  the  reservoir  and  surrounding  areafl  scale  1  inch 
equals  4000  feet,,  which  was  prepared  by  the  Brazos  River  Conservation 
and  Reclamation  District,,    The  District  had  run  52  cross-sections  of  the 
main  lake  and  its  tributary  arms  as  part  of  the  origi  n  al  survey  of  the 
reservoir  site0    Ranges  run  on  the  1949  survey  were  located  at  or  near 
the  original  cross -sections  so  that  a  check  could  be  made  on  the  eleva- 
tion of  the  river  channel  at  the  time  the  lake  was  built©    Usually  the 
spud  did  not  penetrate  through  the  sediment  in  the  river  channel  and  it 
was  necessary  to  interpolate  its  depth  from  the  original  cross-section 
nearest  the  range 0    Outside  the  river  channel  the  spud  readily  pene- 
trated to  old  soilo    Approximate  locations  of  cross-sections  from  both 
surveys  are  shown  on  the  reservoir  map  (Figs  6)o    The  identifying  num- 
bers  for  the  original  cross-sections  (e0g0  134-135)  refer  to  the  approxi- 
mate distance  of  the  cross-sections  above  the  dam  in  thousands  of  feet, 
measured  along  the  river  channel 0 

The  lake  was  more  than  16  feet  below  spillway  when  the  first  29 
ranges  were  run  in  February  1949 „    Water  in  the  channel  was  too  shallow 
at  that  time  for  a  boat  to  navigate  above  range  Z9S  which  is  about  21 

l/  Eakins  H0Mop  Silting  of  Reservoirs  (Revised  by  Carl  B0  Brown)  USDA 

Tech0  Bull.  524fl  1939c 
2/  Techo  Letters  of  Sedimentation  Section,,  Soil  Conservation  Service, 

USDA,  1938-40 . 
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river  miles  downstream  from  the  head  of  the  lake0    Measurements  were 
taken  in  June  1949  on  ranges  30  to  33  when  the  water  level  was  less 
than  2  feet  below  spillway  in  order  to  obtain  more  complete  data  on  the 
upper  end  of  the  lake<,    Some  sediment  was  carried  into  the  lake  in  May 
when  inflow  from  the  Brazos  River  was  high,  so  sediment  depths  on  ranges 
30  to  33  are  greater  than  they  would  have  been  in  February »  However, 
the  amount  carried  in  during  this  period  is  too  small  to  have  any  effect 
on  the  sedimentation  rates  determined  by  a  survey  of  this  typee 

Calculations ,    Standard  formulae,  as  presented  in  the  references 
under  footnote  2,  were  used  to  calculate  the  original  capacity  and  the 
capacity  at  date  of  survey  as  follows  § 

(1)  For  segments  bounded  by  two  ranges  (e0g0  sego  2) 

V  s  1/2 (dx  +  d2)A 

(2)  For  segments  bounded  by  3  ranges  (eog0  sego  3) 

V  -  l/2(d,  +  eU)A  +  * 3W3h5 

1        6  1307680 

(3)  For  upstream  segments  bounded  by  only  one  range  (e»g0  sego  4) 

V  -  2/3  (dx)A 

(4)  For  the  segment  bounded  by  the  dam  and  one  range  (sego  l) 

V  s  d£  x  A 

Where s 

V  x  Volume  of  the  segments  acre-feet 

A  -  Area  of  the  segment s  acres 

d^  -  Average  depth  on  downstream  range;,  feet 

dg  s  Average  depth  on  upstream  range g  feet 

dg  s  Average  depth  on  side  range,  feet 

(for  original  capacity,  d  equals  average  original  water  depth j  for 
capacity  at  date  of  survey,  d  equals  average  depth  of  water  at  time 
of  survey) 

W3  -  Width  of  side  range  from  shoreline  to  shoreline,  feet 
hg  -  Perpendicular  distance  from  side  range  to  the  point  where  the 
side  channel  intersects  the  thalweg  of  the  main  channel s 


The  segment  areas  were  obtained  by  planimetering  the  areas  between 
ranges  on  the  shoreline  map  of  the  Iake0    The  total  planimetered  area  of 
the  segments  was  about  105  percent  smaller  than  the  area  of  20,600  acres 
computed  by  the  Brazos  River  Conservation  and  Reclamation  District,  As 
their  computations  were  made  from  a  larger  scale  map  showing  more  detail, 
the  area  of  20,600  acres  was  assumed  to  be  corrects  and  the  planimetered 
segment  areas  were  adjusted  proportionally  to  give  the  corrected  totalo 
The  total  original  volume  computed  by  this  survey  was  697,244  acre-feet, 
a  variation  of  4e7  percent  from  the  capacity  of  729,985  acre-feet  com- 
puted by  the  District,,    As  their  computations  were  made  by  the  contour 
method  from  a  map  with  10-foot  contour  intervals  on  a  scale  of  1  inch  to 
500  feet,  the  capacity  they  obtained  is  more  accurate  than  one  obtained 
by  reconnaissance  methods e    Therefore,  the  original  capacity  of  729,985 
acre=feet  was  taken  as  correct,  and  the  sediment  volume  and  total  capa- 
city at  date  of  survey  were  adjusted  accordingly.    The  percentage 
capacity  loss  was  not  affected  by  these  changes  in  volume 0 
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Range  and  Segment  Data,     Tabulations  of  the  range  and  segment 
data  and  a  summary  table  follow* 

Table  3  »  Range  Data  l/    Possum  Kingdom  Lake 


Range  Average  Water  Depth 

loo  at  Date  of  Survey  2/ 


Feet 

1 

44o6 

2 

34,9 

3 

35o9 

4 

38o5 

5 

48o5 

6 

31.0 

7 

52,6 

8 

3607 

9 

24o7 

10 

46,5 

11 

38,7 

12 

49,1 

13 

49o7 

14 

46e2 

15 

46,5 

16 

49o9 

17 

48o3 

18 

5502 

19 

48,1 

20 

29,8 

21 

23o5 

22 

28,2 

23 

26,5 

24 

2601 

25 

22,8 

26 

22o3 

27 

17,7 

28 

13o8 

29 

13,1 

30 

9o2 

31 

9o3 

32 

7,3 

33 

8,0 

Average  Sediment    Average  Original 
Thickness  Water  Depth 

Feet  Feet 


lo9 

46,5 

1,2 

36,1 

2,2 

38,1 

1.7 

40,2 

0o4 

48,9 

0o5 

31.5 

206 

55,2 

0,0 

36,7 

0o4 

25,1 

2  =  6 

49,1 

0,9 

39,6 

3c2 

52,3 

0,3 

50,0 

lo5 

47,7 

2d 

48,6 

2  o  9 

52,8 

2,5 

50,8 

303 

58,5 

2  ©  5 

50,6 

1,8 

31,6 

1,3 

24o8 

2,1 

30,3 

3G0 

29,5 

4,7 

30,8 

4,1 

26,9 

5,1 

27,4 

8,3 

26,0 

8,9 

2  2  ©  7 

7,4 

20,5 

9,1 

18*3 

6,7 

15o9 

8,5 

1508 

7,0 

15*0 

l/  The  average  depths  on  each  range  were  computed  by  totaling  the  re- 
corded measurements  on  the  range,,  and  dividing  these  totals  by  the 
number  of  observations  plus  one  (one  is  added  to  the  number  to  take 
into  account  the  ends  of  the  range  where  the  water  depth  is  zero), 

2/  Corrected  to  spillway  level 5  1000  feet.    Lake  stage  varied  between 
983,6  and  997,6  feet  during  reconnaissance. 
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Table  4  -  Segment  Data  -  Possum  Kingdom  Lake 


Segment 

Surface 

Original 

Capacity  at  Date 

Sediment 

Capacity 

NO  a 

Area  1/ 

Capacity 

of  Survey 

volume 

Loss 

acres 

acre— feet 

acre-feet 

acre— feet 

percent 

1 

Oil  <>U4 

a    n  n  c\ 

a  con 

4,  o^y 

O^A 

c  a 
b.  b 

o 

c 

o4o.l4 

TO     T  T  O 

18,718 

17,723 

one 
995 

C  *2 

b.o 

•7 
O 

oo5o  69 

17p588 

16, 661 

927 

5.3 

A         O  / 

4  d/ 

141e74 

4,  802 

4,567 

235 

a  r\ 

4.9 

0 

440 o 13 

22,  315 

21,214 

T       1  A"; 

1,101 

4.9 

b 

682,,  56 

32, 865 

31 , 637 

1,228 

3.7 

n 

I 

COO     1  o 

boy 906 

29,722 

28,o38 

1,384 

4,7 

Q       O  / 

o  c/ 

ioO*  55 

4,354 

4,328 

26 

0o  6 

y 

19,367 

18,502 

865 

4.5 

1U 

Of  Co  (O 

38,708 

37,180 

1,  528 

3S  9 

11 

1111 ,49 

59,778 

56, 888 

2,890 

4.  8 

l£ 

4^ do J4 

13,254 

13,168 

0  ey 

86 

0.  6 

1  ^  o"/ 

lo  <£/ 

£o  f  o  20 

4,  808 

4,730 

78 

1.6 

1  A  ~~ 

14 

4oo©04 

2^,351 

21 , 864 

987 

A  *7 

4.3 

10 

113 /  o  Ol 

45, 732 

45, 220 

512 

1.1 

1  o  <d/ 

/ 86.99 

16, o35 

16,275 

260 

1.6 

1  / 

484. 08 

21 ,019 

20,147 

37<s 

4.1 

T  P. 
lo 

iuy bo o ' 

/I  CT  OOO 

4b, 288 

43, 589 

1 ,  699 

3.8 

lUbo  o  UU 

o9,4o  7 

6 ( 9oo0 

1 ,  807 

A  G 

4©  6 

1        A  CO 

45  ,025 

A  f~\     CT  CT  (£* 

40, 55o 

2,469 

5.7 

91 
CI 

06,393 

o4, 392 

2  ,  001 

5.5 

00 

<dUbl  .41 

bo, 104 

51,665 

A      A  *2  C\ 

4,43  y 

7.9 

/ICO  QC 

4by  o  y  D 

n  /no 
9,498 

8,  840 

c:  0 

000 

6.9 

OA  ~~ 

A  Q0  "2.A 

14, o44 

1 & , y4y 

T  one 

19  oyb 

TO  O 

9^ 
£  o 

■z    c  co 
O  OU  o  0<i 

t  r\    c  /  c 
1U, o4o 

i  ,  0O0 

T   C  O 

<c  o 

in 

iu,o£y 

8,b/ y 

1,750 

i  g  n 
16.9 

?7 

C  ! 

9  C'Z  £"Z 
6  DO  o  OO 

^  770 

Og  l  1  C 

C  A7f? 

b,0.'o 

i ,  c>yy 

O  C  T 

2b.l 

28 

496.07 

12,079 

7,813 

4,266 

35.3 

29 

141.74 

3,062 

1,906 

1,156 

37.8 

30 

234o98 

4,559 

2,620 

1,939 

57.5 

31 

205.14 

3^508 

1,898 

1,610 

45.9 

32 

257.36 

4„079 

?  136 

1  94-3 

4-7  6 

33 

399.09 

6,146 

3,053 

3,093 

50.3 

34 

1436.08 

14,361 

7,654 

6,707 

46.7 

Total  2C 

i,600 

697,244 

642,261 

54,983 

Corrected  total  3/ 

729,985 

672,420 

57,565 

1/  Planimetered  surface  area  of  each  segment  -was  multiplied  by  the 

factor  1.01545  to  adjust  the  area  to  the  figure  computed,  by  Brazos 
River  Conservation  &  Reclamation  District.     See  reservoir  map  (Fig. 6) 
for  segment  locations. 

2/  Segment  located  on  an  arm  of  the  lake  formed  by  a  side  creek. 

3/  Original  capacity  computed  by  Brazos  River  Conservation  &  Reclamation 
District  was  729,985  acre-feet s    As  this  figure  is  more  accurate  than 
reconnaissance  data,  the  total  original,  present,  and  sediment  volumes 
were  adjusted  by  multiplying  them  by  the  factor  1.046958c 
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Table  5  -  Summary  of  Reconnaissance  Sedimentation  Data 

Possum  Kingdom  Lake 


Age 


V 


Drainage  Area  Excluding  Lake 


2/ 


Quantity 
7.75 
14,066 


Reservoir  Data: 


Area <,  original  and  present 

Storage  capacity  at  spillway  elevation: 

Original 

Present 

Capacity  per  sqc  mi0  of  drainages 
Original 
Present 


20*600 

729,985 
672,420 

51o9 
47.8 


acres 
ac.-ft. 


Sedimentation^ 


Total  sediment 

Average  annual  sediment  accumulation 
Per  sq„  mi.  of  drainage  area 
Per  acre  of  drainage  area 

Sediment  concentration  3/ 

Depletion  of  Storage  Capacity; 
Per  year 

To  date  of  investigation 


57,565 
7,428 
0.53 
36 
0.501 


1.02 

7.89 


SIC  ©  —  f* "b  o 

ac.-ft. 
cu.-f to 
percent 


percent 
percent 


l/  Storage  began  Hay  1941 „    Date  of  investigation,  Feb.  1949. 

2/  Includes  1111  sq.  miles  drainage  above  lakes  in  the  watershed©  Excludes 

8950  sq.  miles  of  non~contributing  drainage  area  at  the  head  of  the 

watershed. 

3/  Based  on  sediment  load  at  South  Bend  gaging  station  for  the  period 
Jana  15,  1942  to  Sept.  30,  1948. 
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Sediment  Types  and  Distribution 

Types  of  Sediment .     In  the  larger  part  of  the  reservoir  the  sedi- 
ment is  chiefly  silt  and  clay  ranging  from  light  tan  to  dark  brown  in 
color.    Some  fine  brown  sand  occurs  in  small  areas  where  the  slopes 
adjacent  to  the  lake  are  sandy  soil,  principally  on  ranges  3,  4,  20, 
and  21.     It  overlies  a  valley  bottom  soil  of  brown  clay  loam,  light 
brown  gravelly  clay,  or  light  brown  sandy  loame    The  distinction 
between  lake  sediment  and  valley  soils  is  good  except  in  the  areas  of 
brown  sandy  loam  soils,  where  the  only  distinction  is  frequently  a 
difference  in  texture0     Ranges  30  to  33  near  the  head  of  the  lake  were 
measured  in  June  shortly  after  high  flows  on  the  Brazos  had  filled  the 
lake.    The  top  of  the  sediment  was  so  nearly  fluid  that  the  sounding 
weight  v<rhen  not  supported  would  settle  2  feet  or  more  into  the  fine 
silt  and  claye    Therefore,  in  making  water  depth  measurements  with  the 
sounding  weight  and  1  ine  g  the  top  surface  of  sediment  was  recorded  as 
the  first  point  where  contact  of  the  weight  on  sediment  could  be  felt 
on  the  line© 

Distribution  of  Sediment.     The  small  arms  of  the  lake  extending 
into  tributary  creek  valleys  generally  contain  much  less  sediment  than 
was  found  in  the  main  body  of  the  lake,,    Segments  4  and  23  are  the 
only  ones  which  show  sediment  nearly  comparable  in  amount  to  the  adja- 
cent sections  in  the  main  lake0    Sediment  in  the  main  lake  below  range 
24  is  confined  chiefly  to  the  channel,  averaging  12  feet  deep  in  the 
channel  and  about  0o3  foot  in  the  old  valley  flat©    Above  range  24, 
sediment  in  the  channel  is  14  to  27  feet  deep  and  generally  more  than 
1  foot  deep  on  the  narrow  flats  outside  the  channel  (see  Figsa  7  &  8). 
It  is  the  area  of  greatest  sediment  depositions  and  the  capaci^  of  the 
lake  above  this  range  is  decreasing  at  an  extremely  high  rate  (see 
Figo  9),  with  the  exception  of  the  uppermost  segment,,  which  is  subject 
to  frequent  scour  when  high  flows  occur  on  the  river  with  the  lake  at 
a  low  levels 

Table  6  shows  the  amount  of  sediment  in  various  sections  of  the 
lake,  the  proportion  of  the  total  sediment  in  each  section,  and 
relationships  to  the  original  storage  capacity  0 

Sedimentation  _Rgte_  and  Sources  of  Sediment 

Rate  of  Sedimentation.     This  reconnaissance  shows  that  Possum 
Kingdom  Lake  has  been  trapping  sediment  at  a  rate  of  7428  acre-feet 
annually  and  losing  lo02  percent  of  its  original  capacity  each  year. 
Some  additional  sediment  lias  also  been  passing  through  the  lake,,  Sus- 
pended sediment  sampling  of  water  passing  the  darn  has  been  maintained 
since  January  1942,  the  sediment  concentration  determined,  and  sediment 
volumes  computed.  3/  These  data  show  the  average  annual  discharge  of 
water  from  the  lake  from  January  15,  1942  to  October  1,  1947  has  been 
702,270  acre-feet  and  the  average  percentage  of  sediment  by  weight,  0.017. 

3/  Bloodgood,  D.  We  and  Stout,  I.  M,,  The  Silt  Load  of  Texas  Streams, 

Part  IX,  TJSDA  B  Irrigation  Division  and  Texas  Board  of  TTater  Engineers, 
August,  1948. 


Figure   7.      Sediment   about    6   feet   deep  on  old  valley  of  Ming  Bend  in 
main  body  of  Possum  Kingdom  Lake    in  December,    1943,    2lA   years  after 
storage  began.      Lake   stage    is    22    feet  below  spillway. 


Figure   8.      Approximately  feet   of   sediment   nearly  cover   an  old  oil  field 

meterhouse.      Same  area   and   date  as  Figure    7,  above. 
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Table  6  =  Distribution  of  Storage  Capacity  and  Sediment 
in  Possum  Kingdom  Lake 


CAPACITY 


SEDIMEHT 


Section      s  Original 


Proportion;  Reduction: 

of  Origo  :  in  : 

Capacity  ;  Capacity  i 

percent  percent 


Volume  ats  Proportion 

Date  of  :  of 

Survey  i  Total  Sed„ 

"ac0-ft.  percent 


Lower  main 
body 9  seg„ 
1 ,2 ,3  ,5 ,  6 , 
7,9,10,11, 
14 


279,235 


38,25 


4.56 


12,74? 


22,14 


Mid-section 
sego  17,18, 
19,20,21, 
22 


252,595 


34oS0 


13,911 


24„17 


Upper  sec- 
tion, seg0 
24=34  incl 


94,524 


12.95 


30o64 


289965 


50-32 


Side  arms 
seg0  4,8, 
1 2 , 13 » 1 5 , 
16023 


103,631 


14o20 


1,8? 


1,942 


3o37 


This  amounts  to  135  acre-feet  of  sediment  zl  passing  through  the  lake 
each  year«    Therefore  the  total  annual  sediment  contribution  to  Possum 
Kingdom  Lake  has  been  7563  acre-feet,  -which  is  equivalent  to  0.54  acre- 
feet  per  square  mile  of  contributing  drainage  area.    The  amount  of 
sediment  carried  past  the  dam  is  equal  to  2  percent  of  the  sediment 
carried  into  the  lake9  so  the  trap  efficiency  of  Possum  Kingdom  Lake 
is  98  percento 

Garin  zl  predicted,  from  a  study  of  applicable  stream  flow  and 
silt  load  records  before  the  dam  was  completed,  that  the  annual  sedi- 
ment load  to  Possum  Kingdom  Lake  would  be  6842  acre-feet  and  6550  acre- 
feet  of  sediment  would  be  deposited  annually.    These  estimates  are  10 
percent  and  12  percent  lower,  respectively,  than  the  amounts  determined 
from  this  reconnaissance.    From  interpolated  stream  flow  records  he 
estimated  the  average  annual  flow  into  the  lake  would  be  1,000,000 
acre-feet  while  it  has  probably  averaged  about  900,000  acre-feet 
annually  since  the  dam  was  constructed.    His  estimate  of  sediment  volume 


4/  Assuming  1  cubic  foot  of  sediment  weighs  55  pounds a 

5/  Garin,  Alexis  IT«,  Advance  Report  on  the  Economic  Effects  of  Predicted 
Sedimentation  in  Morris  Sheppard  Lake,  Texas,  SCS-EC-3,  December  1941. 
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was  computed  on  the  basis  of  70  pounds  of  suspended  load  to  the  cubic 
foot  of  deposits  -which  is  too  great  a  figure  in  the  writers  "  opinion 
for  the  weight  of  sediment  in  Possum  Kingdom  Lake©    Use  of  a  smaller 
figure  for  weight  per  unit  of  volume  would  have  resulted  in  a  corre- 
spondingly higher  sediment  volume  estimate^  which  would  compare  even 
more  closely  to  the  sedimentation  rate  determined  by  this  reconnaissance^ 
For  examples  if  the  average  percentage  of  silt  by  weight  which  he  deter- 
mined is  used  (0o'764),  and  55  pounds  taken  as  the  weight  of  1  cubic  foot 
of  sediment.,  then  1  acre-foot  of  vra.ter  would  contain  0<, 008668  acre-foot 
of  sediment o    Using  900 D 000  acre-feet  per  year  as  the  average  stream 
flowa  the  amount  of  sediment  entering  the  lake  would  be  7801  acre-feet 
annually  as  compared  to  7563  acre-feet  determined  by  this  surveys  a 
difference  of  only  3  percent©    However^  Garin's  estimates  are  exception- 
ally accurate^  considering  the  large  number  of  assumptions  which  had  to 
be  made  at  that  time© 

Expected  Life_of_the  Reservoir „    If  sediraent  deposition  in  Possum 
Kingdom  l«ake  continues  at  its  present  rate  it  will  be  completely  filled 
with  sediment  in  98  years 0    If  its  storage  capacity  is  not  sufficient 
to  meet  the  water  requirements  for  power  production  when  reduced  by 
70  per cent5  then  its  effective  life  would  be  69  years  under  present 
conditions©    Several  actions  have  been  considered  by  various  agencies 
which  would  decrease  the  quantity  of  sediment  entering  the  lake  if  put 
into  effect^  thus  increasing  its  life,,     One  is  the  construction  of  a 
large  reservoir  on  the  Brazos  near  Aspermont©    Another  is  the  instal- 
lation of  a  comprehensive  Flood  Control  Program  in  the  Brazos  River 
Watershed  by  the  Soil  Conservation  Service©    Continued  expansion  of  the 
Soil  Conservation  District  program  in  the  watershed  will  be  effective 
to  some  extent©    The  construction  and  enlargement  of  small  municipal 
water  supply  reservoirs  in  the  watershed  which  is  taking  place  will 
also  decrease  the  sediment  load  of  the  Brazos  by  a  small  amount®  The 
evaluation  of  these  factors  and  their  net  effects  on  the  life  of  the 
lake  is  beyond  the  scope  of  this  reports,  but  their  total  effect  would 
be  great  and  could  increase  the  lake's  useful  life  by  50  percent  or  more© 

Sediment  Sourcesc    In  the  Palo  Pinto  section  which  surrounds  the 
reservoirs  the  rates  of  sediment  output  in  the  various  tributary 
drainages  vary  widely  because  of  sharply  contrasting  differences  in 
types  of  soils  and  resistance  to  erosion  of  underlying  formations,.  On 
the  aver\ge9  howevers  the  rates  of  sediment  output  in  the  Palo  Pinto 
section  are  relatively  lows  and  it  is  estimated  that  75  percent  of  the 
sediment  carried  by  the  principal  streams  originates  by  sheet  erosion,* 
For  the  section  as  a  whole  it  is  estimated  that  the  average  rate  of 
sediment  production  is  somewhat  less  than  the  figure  for  the  entire 
drainage  area  of  Possum  Kingdom  Lake  (0o5  acre-foot  per  square  mile 
annually)  • 

The  average  rate  of  sediment  output  for  the  Redbeds  Plains  section 
is  substantially  above  the  average  for  the  total  drainage  area,  and  it 
ranges  from  about  1©0  to  2©0  or  more  acre-feet  per  square  mile  annually,, 
Therefore  it  is  estimated  that  substantially  more  than  50  percent  of  the 
sediment  deposit  in  the  reservoir  originated  in  the  Redbeds  Plains© 
Since  gully  development  is  serious,  it  is  believed  that  about  75  percent 
of  the  sediment  originates  by  gully  development  and  channel  bank  erosion 
and  25  percent  by  sheet  erosion© 
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The  small  area  and  resistant  rock  formations  of  the  Edwards 
Plateau  section  cause  it  to  be  a  negligible  source  of  sedimente  Further- 
more the  remoteness  of  the  High  Plains  and  relatively  coarse  texture  of 
sediment  in  streams  flowing  from  it  prevent  the  High  Plains  from  being 
any  more  than  a  minor  source  of  sediment  to  Possum  Kingdom  Reservoir • 

Summary 

1,  The  original  capacity  of  Possum  Kingdom  Lake  was  729., 985  acre- 
feet  ,  and  its  surface  area  20s600  acres.  The  total  cost  of  the  dam  and 
power  plant  projects  was  approximately  $8965550009 

2«     In  Februarys  1949  the  capacity  of  the  lake  had  decreased  to 
6725420  acre-feet  due  to  sediment  accumulation,,    This  is  a  capacity  loss 
of  57fl565  acre-feet  in  7975  years,  or  7,428  acre-feet  annually.    The  total 
capacity  reduction  amounted  to  7e89  percent  to  February,  1949  or  1902 
percent  annually o    The  surface  area  of  the  lake  has  remained  substantially 
the  same  Q 

50    About  135  acre-feet  of  sediment  passes  over  the  spillway  and 
through  outlets  annual lys  amounting  to  2  percent  of  the  total  sediment 
entering  the  lake  each  year0    The  amount  of  sediment  entering  the  lake 
annually  is  equivalent  to  0o54  acre-foot  per  square  mile  of  contributing 
drainage  areas    If  deduction  of  the  total  drainage  areas  of  the  small 
upstream  reservoirs  (1,111  square  miles)  is  made,  then  the  total  net 
drainage  area  of  Possum  Kingdom  Lake  is  12,955  square  miles  and  the 
average  annual  sediment  contribution  to  the  reservoir  is  0»57  acre-foot 
per  square  milec 

4«,    If  the  present  sedimentation  rate  continues  the  lake  will  be 
completely  filled  with  sediment  98  years  from  the  time  it  was  con- 
structed, and  its  effective  life  will  be  69  years,  based  on  a  capacity 
loss  of  70  percent  ,    Application  of  a  combination  of  feasible  sediment 
control  measures  may  increase  the  life  of  the  lake  by  50  percent  or  more« 

5©    It  is  believed  that  the  figures  in  this  report  on  percentage 
of  capacity  loss,  volumes  of  water  and  sediment^  and  contribution  of 
sediment  per  unit  area  of  drainage  have  a  higher  order  of  accuracy  than 
those  of  the  usual  reconnaissance  surveye    The  investigation  had  the 
advantages  of  access  to  good  original  mans  and  well-distributed  cross- 
sections©    More  than  the  usual  number  of  measurements    were  made*  Also 
a  6=year  record  of  suspended  sediment  measurements  at  the  dam  was 
available «,    The  figures  on  volumes  of  sediment  and  water  probably  are 
accurate  within  10  percent  or  lesss    Any  future  surveys  should  be  made 
on  the  original  cross-sectLons  with  instrumental  control  of  sounding 
1  o  cati  ons  • 
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